Samples of pelleted feed may be taken during manufacturing and analyzed for nutrient content in order to estimate if nutrients are in accordance with diet formulation. The objective of this study was to determine the impact of mix time, sample location, sample number, and sample blending technique on analyzed nutrients. Ingredients were mixed in a single screw vertical mixer for 30 s or 10 minutes. Samples were taken post extrusion from the pellet die as hot pellets or post cooling and conveyance as finished feed. Two or 10 samples were collected at equally spaced time intervals and pooled. Subsamples were obtained by blending pooled samples by hand or using a sample splitting device. Proximate and supplemental amino acid analysis was determined on each blended subsample and standardized for moisture content. Crude fat and free supplemental DL-methionine were affected by mix time (P < 0.05). The 10-minute mix time produced crude fat and free supplemental DL-methionine that had lower and higher values, respectively, compared to the 30-second mix time and agreed more with the calculated nutrient profile and diet formulation. Free supplemental DL-methionine was also affected by sampling location (P < 0.05). Samples obtained at the pellet die were higher and agreed more with diet formulation compared to finished feed samples. Analysis of free supplemental DL-methionine from samples obtained at the pellet die may best indicate pelleted diet homogeneity and validate the diet formulation.
DESCRIPTION OF PROBLEM
Feed and feed manufacturing have been suggested to account for 60 to 70% of the total cost of production associated with commercial poultry rearing. The use of a homogenized, pelleted diet optimizes bird performance and maximizes production efficiency [1] [2] [3] . A homogenized diet has been described as ingredients being mixed to achieve a nutrient coefficient of variation (CV) are important for marker selection [3] . Pfost et al. [4] suggested selecting ingredient markers that have similar physical properties, and not to utilize nutrient markers that are found in multiple ingredients (e.g., crude protein). Clark et al. [3] conducted a mixer uniformity study that utilized a 454 kg capacity double ribbon mixer and complete feed. The authors found that analyses for nutrients found in multiple ingredients (crude protein, chloride ion, and phosphorus) did not differ with varying mix times. However, analyses for DL-methionine and L-lysine-HCl demonstrated that mixer CV decreased below the 10% target as mix time increased from 30 s to 5 min (23.86 to 9.47% and 19.75 to 8.7%, respectively). Although research has been conducted on ingredient markers that determine mixer uniformity, the mixer may not be the ideal sampling location to determine whether nutrients and ingredients in the formulation are consistent with feed being manufactured in the mill. Commercial feed mill mixers may not be easily accessible for routine sampling. In addition, feed mill processes post mixing also may influence nutrient and ingredient homogeneity.
In commercial feed manufacturing for meat type poultry, once diets are mixed to a uniform consistency, feed will be pelleted, cooled, and conveyed prior to transport and feeding. Meat type poultry are provided pelleted diets due to ease of handling, decreased feed wastage at the feed pan, decreased energy expenditure in prehension of feed, decreased ingredient selection, and decreased probability of feed microbial contamination due to exposure to high temperature and pressure [5] . Conditions of high temperature, pressure, and moisture cause gelation of proteins and gelatinization of starch, which enables pellet formation [5] . However, attrition of pellets can occur during cooling, conveyance, transportation to the grow-out barn, and conveyance through the barn. Attrition may lead to significant ingredient and subsequent nutrient segregation of feed. Physical form segregation (i.e., pellets and fines) as well as ingredient segregation (i.e., phytase) has been demonstrated in samples obtained from different feed pans throughout a commercial broiler barn [6] . Sampling feed from pans in a poultry barn may demonstrate a biased nutrient analysis based on feed pan location. In addition, if nutrient segregation follows physical form segregation, then preference of poultry for crumbles or pellets over fines would additionally bias samples obtained from feed pans in a poultry barn in general. Confirmation that the feed mill is accurately producing an intended diet formulation could be an important control point for feed quality assurance. Depending on the method of pellet sampling in the feed mill, and the particular nutrient analysis, the comparison to calculated nutrients and ingredient inclusions of the formulation may be over-or underestimated. Data do not exist on a proper pellet sampling technique within the feed mill to best determine pelleted feed homogeneity and accordance to diet formulation. The objective of this study was to manipulate mixing and pellet sampling variables in the feed mill and compare sample nutrient analyses with diet formulation in order to recommend a sampling method with increased accuracy to validate diet formulation.
MATERIALS AND METHODS

Preliminary Study
A preliminary study was conducted to determine the proper mix time of a 0.91 MT vertical mixer [7] using a corn-salt diet at the West Virginia University pilot feed mill. Three 136 kg batches of feed containing 3% iodized salt (NaCl) were mixed for 30 s, and 3 similarly formulated 136 kg batches of feed were mixed for 10 minutes. These mix times were chosen because they were below and above the mixer manufacture's recommended mix time. Ten samples were taken from 10 different physical locations in the mixer after each mixing period (30 s and 10 min) and analyzed for chloride ion concentration using Quantab Test Strips [8] . This procedure was repeated using a similar feed quantity and sampling replicates using a complete broiler diet (corn and soybean meal based). The coefficient of variation was calculated using the obtained samples and following equation:
where s = sample standard deviation;x = sample mean; x i = individual sample analysis results; and n = number of samples.
Diet Formulation and Feed Manufacturing
Proximate analysis was conducted on base ingredients (corn, soybean meal, meat and bone meal, and DDGS) ( Table 1) , and incorporated into the feed formulation program ingredient matrix. A corn and soybean meal based diet ( Table 2 ) was formulated based on average nutrient concentrations in the United States for broiler chickens in the finisher phase [9] . Corn ground via hammer mill and soybean meal were augured into the mixer. Additional ingredients were added directly into a top access door of the mixer. All fat in the diet formulation was in the form of soybean oil. Three 136 kg batches of feed were mixed for 30 s (five s dry mix and 25 s wet mix), and three 136 kg batches of feed were mixed for 10 min (five s dry mix and nine min and 55 s wet mix). After mixing, each batch was steam conditioned at 80
• C for 10 s and extruded through a 4 × 38 mm pellet die at approximately 0.91 MT/h using a 40-horsepower California Pellet Mill [10] . Pellets were cooled using a horizontal belt cooler and ambient air. Pellet conveyance post extrusion and cooling was accomplished with a series of flat bottom drag-chain conveyers and a bucket elevator. During pelleting, samples were taken post extrusion from the pellet die as hot pellets and post cooling and conveyance as finished feed. Two or 10 samples were collected at equally spaced time intervals from each location. Each sample was approximately 300 g. Hot pellet samples were placed on a mesh screen and immediately cooled using ambient air and a fan for 12 minutes. Samples were pooled by placing samples into a general sample bag specific to sample location and time interval. Subsamples were obtained by blending pooled 
Sample Analysis
Proximate analysis [12] [13] [14] [15] and free supplemental amino acid analyses for DL-methionine and L-lysine HCl [16, 17] were conducted on all subsamples by commercial laboratories [18, 19] . Briefly, free supplemental amino acid analysis indicates nonprotein-bound amino acids and utilizes a dissolving step with 0.1 M HCl compared to a hydrolyzing step with 6 M HCl and 110
• C heating that is utilized in standard total amino acid profiling. All nutrient analyses followed proper AOAC methodologies [12] [13] [14] [15] [16] [17] , and values were adjusted to 15% moisture to be similar to calculated moisture of the diet formulation (Table 2) .
Statistical Analysis
A 2 × 2×2 × 2 factorial arrangement within a completely randomized design was used to explore the main effects and interactions of mix time, sampling location, sampling number, and blending technique. The experimental unit was a 300 g subsample of feed. Treatments were replicated 3 times. Analyses were completed using the PROC GLM procedure from the SAS Institute [20] . Means were considered significantly different at α ≤ 0.05.
RESULTS AND DISCUSSION
Results of the preliminary study that used a corn-salt mix and chloride ion analysis suggested that a 10-minute mix time produced a superior mixer CV compared to a 30-second mix time (P < 0.05, Table 3 ). Chloride ion analysis CV of the complete corn and soybean meal based diet did not differ between mix times (P > 0.05), likely due to improper marker selection for the particular diet formulation. These results are in agreement with Clark et al. [3] , who found crude protein, chloride ion, and phosphorus were not adequate predictors of mixer CV. Based on the results of the preliminary study, the assumption was made that complete corn and soybean meal based diets mixed for 10 min produced a homogenous mixture of ingredients. Calculated nutrient profiles from the feed formulation program based on analyzed nutrients of ingredients used in diet manufacturing were considered an accurate standard for comparison of subsample analytical nutrient values. In order to provide a concise presentation of results, only marginal means of the main effects and probability values for main effects and significant interactions are presented in Table 4 . Crude fat and free supplemental DL-methionine were affected by mix time (P < 0.05). The 10-minute mix time produced crude fat and free supplemental DL-methionine that were lower and higher, respectively, compared to the 30-second mix time and agreed more with the calculated nutrient profile and diet formulation ( Table 2 ). In addition, some of the pellets that resulted from the 30-second mix time had a "fir tree" appearance. This characteristic of pellets has been linked to excessive lubrication at the mash and pellet die interface, and in the current study was likely associated with improper dispersion of soybean oil within the mix [21] .
Free supplemental DL-methionine was also affected by sampling location (P < 0.05). Samples obtained at the pellet die were higher and agreed more with the diet formulation compared Table 4 . Main effect means and probability values for main effects and interactions for pelleted subsample nutrient analyses. to finished feed samples obtained post cooling and conveyance. Total ash was affected by a sampling location and sampling number interaction (P < 0.05). Samples collected at the pellet die were in closer agreement regardless of sample number; whereas, finished feed samples obtained post cooling and conveyance were affected more by sample number. Pellet subsamples from 10 pooled samples were in closer agreement with diet formulation ash compared to pellet subsamples from two pooled samples. These results were likely due to pellet attrition and ingredient separation occurring during feed conveyance through the feed mill. Feed auguring or transportation via drag-chain has been shown to segregate feed particles, ingredients, and nutrients [6, 22] . Tang et al. [22] examined segregation patterns in hen houses that contained auger systems and drag-chain systems; the authors observed top-to-bottom and side-to-side segregation within feed troughs. In top-to-bottom segregation, small, fine particles percolated to the bottom of the troughs while large, coarse particles remained at the top [22] . In side-to-side segregation, fine particles remained in the center of the trough while large particles separated to either side of the trough [22] . Moritz [6] observed that feed form segregation also occurs in commercial broiler house feed lines. Pelleted feed was shown to have improved conveyance to end feed pans whereas fines filtered at higher concentrations into feed pans were more proximal to the in-house feed hopper. Crude protein was affected by sampling number (P < 0.05). Subsamples produced from 2 samples provided a lower crude protein value and agreed more with the calculated nutrient profile than subsamples produced from 10 samples (Tables 4 and 2 ). Intuitively, the number of samples collected should improve agreement with a calculated nutrient profile if the mix was not originally homogenous. However, crude protein was not affected by mix time. Therefore, crude protein variation in this study may be more associated with the marker being found in several ingredients and analytical error. Free supplemental L-lysine-HCl was not affected by any main effect or interaction in the current study. This result was in disagreement with Clark et al. [3] , who observed a significant decrease in free supplemental L-lysine-HCl mixer CV when mixing time was increased. In the current study, feed was subjected to heat, moisture, and pressure that may have induced a Maillard reaction with L-lysine-HCl [23] and potentially masked detection as free supplemental L-lysine-HCL. Blending technique did not influence nutrient analysis per se or interact with other main effects (P > 0.05, Table 4 ).
Chloride ion analysis in the preliminary study, and crude fat, free supplemental DL-methionine analysis, and physical appearance of pellets in the factorial study suggest that the 10-minute mix time produced a homogenous mix of ingredients. Sampling location influenced nutrient analyses and agreement with diet formulation likely due to pellet attrition and ingredient segregation that occurs during cooling and conveyance through the feed mill. If sampling is done too late, e.g., feed load out or in the barn, then results may incorrectly indicate that the feed mill is not properly batching and mixing feed. Sampling number had a more minor effect that was potentially confounded by marker selection and nutrient analysis, and sample blending technique had no effect. We speculate that analysis of free supplemental DL-methionine from a sample obtained post extrusion from the pellet die may best estimate diet homogeneity and validate the diet formulation. This sampling method has 4 major advantages: 1) pellets extruded from the pellet die represent a typically accessible sampling location in commercial feed mills; 2) free supplemental DL-methionine analysis of samples obtained at the pellet die would be less confounded by segregation due to cooling and feed conveyance; 3) free supplemental DLmethionine analysis comparison to diet formulation would be based on formulation inclusion and not nutrient analysis of several ingredients; and 4) free supplemental DL-methionine analysis would require a low number of samples (2 samples provided similar results to 10 samples in this study).
CONCLUSIONS AND APPLICATIONS
1. Within the parameters of this study, pellets sampled at the pellet die and analyzed for free supplemental DL-methionine, standardized for percent moisture, may be the best metric for determining pelleted diet homogeneity and validating the diet formulation.
